Abstract
Introduction

36
Stockpiling waste materials and depletion of natural resources represent two accompanying 
Rationale and aims
72
The motivation of this research is to make use of the above waste materials which in turn 73 should help to save natural resources as well as to reduce the environmentally detrimental 74 effect of these materials. Another motivation comes from the fact that the use of Portland 75 cement to stabilize granular materials usually produces stiff mixtures which are sensitive to 76 cracking, overloading and fatigue failure (Wu et al. 2015) . Furthermore, the reflection cracks 77 mostly accompanying the cement-stabilization, especially at high cement contents.
78
Consequently, an attempt was made in this paper to mitigate the above disadvantages by 79 using the crumb rubber to modify some cement-stabilized mixtures. The purpose of this paper 80 is to study the effect of crumb rubber particles on the properties of cement-stabilized mixtures, 81 mainly in terms of tensile performance. The importance of this investigation comes from the fact that, in pavement structural design, tensile properties are the most influential factors since hence investigating the effect of rubber alone, two steps were conducted. The first one was to 97 use and combine different fractional sizes (20 mm, 14 mm, 10 mm, 6 mm and dust (less than 98 6mm)) in different proportions to constitute the required gradation and the second was to 99 batch, mix and compact each sample individually. This was so as to ensure comparable 100 strength since there is a high dependency of the strength on mixture density (Williams 1986 ). Manchester, UK. Its gradation is presented in Figure 1 . Initial examination showed a 105 similarity between the 6 mm aggregate fraction size and that of crumb rubber as shown in this 106 figure. Consequently, it was decided to replace the former by the latter in order to ensure the 107 same aggregate packing so as to enable study of the effect of elastic aggregate particles alone.
108
The specific gravity of the rubber was adopted as 1.12 as measured by (Najim and Hall 2012 proportioning on the weight basis is a misleading approach. This is because the cement is 124 normally added by the dry weight of aggregate which will reduce after replacing with crumb 125 rubber due to the low specific gravity of the latter. This in turn would cause a change in the 126 cement content and accordingly water content for different replacement levels. Accordingly, Regarding mixing sequence, cement and dust were mixed firstly until uniform colour was during this study, the impossibility of achieving a smooth and level surface, which will make 146 it is difficult to fix the instrumentations, had been observed. To overcome this problem, it was 147 decided to manufacture the sample to achieve a height of about 115 mm and then trim it down 148 to 100 mm. In addition, another set of samples was manufactured for resonant frequency 149 testing using standard split moulds of 150 mm diameter and 300 mm height. Again, a 150 removable mould extension was fabricated and used to ensure a specimen more than 300 mm 151 tall which was then sawn down to 300 mm using a diamond saw. Three samples were 
Compacity and density
159
It was observed that the performance of cement-stabilized aggregate mixture is greatly 160 dependent on its density. (Williams 1986 ) has reported that a 5% reduction in mixture density 161 causes 40-50 % reduction in the mixture strength. Thus, effective compaction can be expected towards the concept applied in asphaltic mixture to calculate the percent of air-voids.
167
Compacity can be calculated as [100 -% air-voids]. In the current paper, due to the damping 168 tendency of the rubber particles, these may affect the effectiveness of compaction negatively.
169
Therefore, an investigation was carried out to evaluate if the rubber particle have a 170 detrimental effect on the compactibility of the mixtures. Compacity in accordance with the 171 above specification can be calculated using the following equation
where: C is the compacity factor, γm is the maximum dry density of the mixture and γA, γB, curing by drying them in an oven at 105±5°C until constant weight, then using the water 177 displacement method to measure the density. 
Where: P= load; D=diameter of sample; t= sample thickness; ‫ܪ∆‬ ் =lateral deformation; 
Damage quantification using fractal analysis and image processing 240
To provide better a understanding of the mechanism of failure of this type of mixture, the were firstly captured using a high resolution camera. These images were inserted into Table 1 shows a reduction in the material density after rubber incorporation. This is logical 272 since the specific gravity of natural aggregate is much higher than that of crumb rubber.
273
However, unlike natural aggregate, rubber particles of high elasticity may absorb the energy,
274
due to their damping characteristics, from a vibrating hammer. This could causes a reduction 275 in the compaction efficiency and, hence in mixture density. As can be seen from is not only the low specific gravity of rubber that is responsible for density reduction, but it is 279 also the reduction in compaction efficiency, due to the damping action of the rubber particles,
280
that affects the density of the mixture detrimentally. The practical consequence of the latter 281 finding is to avoid high levels rubber replacement in compacted mixtures. proposed mechanism depends, to some extent, on the distribution of the rubber particles. The 323 more uniform the rubber distribution, the more uniform the stress/strain distribution can be 324 anticipated inside the mixture.
326
As the stiffness of the mixture depends, to a large extent, on the stiffnesses of its constituents, 
Dynamic properties
335
Similar to the static modulus of elasticity results, there was a decrease in both dynamic 336 modulus of elasticity and that of rigidity due to rubber replacement, as shown in Figure 10 .
337
This is because these two moduli depend on mixture density and type of aggregate. However, as rubber replacement level increases. This means that as rubber content increases, more energy will dissipate to fracture the sample as suggested by (Guo et al. 2007 ) and (Erdem 
Conclusions
371
The effect of replacement of natural aggregate by crumb rubber on the tensile properties and Fox for helping to perform the x-ray CT scans. 
